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1 Introduction 

elcome to. M434. This Stop Press contains important information, so please read it carefully 

This first Stop Press is mainly concerned with important general matters to do with being an 
Open University student, but there is also course-specific information about the material. The 
general material appears in Section 2 immediately after this introduction and the course-specific 

It is suggested that you use the general material for reference. You should read the course-specific 
items before doing anything else. 

Bob Margolis 
Chair, M434 


SUP 54262 






2 General Information 


2.1 Useful Telephone Numbers and Evening Adv 









2.2 Telephone Tutorial Service 

Throughout the year, members of the Mathematics and Computing Faculty are available to 
answer questions about courses. Below is a list of names of people who have volunteered to 
answer questions about M434, their telephone numbers and the times when they are usually 
available. 

Feel free to use this service, but please note the following. 

1. Your tutor, if available, should normally be the first contact for a course-related query. The 
telephone tutorial service is a back-up facility. 

2. Please do not call outside the times listed, since the people involved will not then be expecting 
your call and may be engaged in other activities. 

3. The people on the list undertake to be available normally at the times listed, but other 
commitments may make them unavailable on certain occasions. 

4. Please note that phone numbers for evenings and weekends are volunteers’ home numbers, 
and for these it will usually not be appropriate to leave a message asking to be called back. 
Please try the number again later or try another number if one is given. 

Si Although TMA questions are not excluded as sources of queries, you should expect the 
amount of information provided in response to such a query to be limited, in fairness to 
other students. (TMAs should be substantially your own work, since the grades obtained 

When you use the telephone tutorial service, please mention first that you.are calling about M434; 
the people involved may be answering questions about several courses. It is a good idea to have 
a pencil and paper handy, and any course materials that may be relevant. A text reference is 
usually a helpful starting point. 





2.3 Contacting the Faculty 

A message recording system is available in t 
653243. After a few rings, you will either 


Finally, we regard comments and com 
ing and improving standards. Our ai 
you are dissatisfied then you may wis 


2.4 The University Scale and Faculty of Mathematics and 
Computing Courses 

Ail aspects of your assessment for this course will be marked on the University Scale, which is 
detailed in the table below. Your assignment scores will be combined as indicated on your Study 
Calendar to give an overall continuous assessment score (which will also be quoted on this Scale). 
In order to ensure being awarded a particular grade of pass, you must achieve the minimum scores 
quoted for that grade on both overall continuous assessment and the examinable component. So, 
for example, to ensure that you obtain a Pass 4 on your course you will need to get a score of at 
least 40 for both your overall continuous assessment and your examinable component. 

Band University Scale Score Performance Standard 
A 85-100 Pass 1 

B 70-84 Pass 2 




The M500 Society 


/ou are interested in mathematics, j 
olation of studying alone. It is a so 

as well as fun! The Society also publ 

preparation, for which members are e 
mathematical fun. 


ining the M500 Society could be a way of alleviating the 
ety for OU students, staff and friends, which through a 

ihes a directory of members who agree to be sources of 
ms a popular weekend each September for examination 
titled to discount, as well as a weekend in January for 


Enquiries: please send stamped A5 envelope for membership forr 

Name: Glenda Eranklin 

Position in society: New Members Secretary 

Address: 16 Warbank Close, Alvechurch, Birmingham, B48 7PA 


and free, magazine 


3 Course Specific Information 


;e 7, line 22 Newton’s year of birth should b< 

;e 30, Solution 4.2 a 3 (t) = e‘-6 (not e< - 5 

so a(t) = (£ + l,£,e‘-.6) 

;e 31, RH column, the bracketed term should be (af 


page 10, lines-14 to-12 

page 11, line ^5 
page 14, line8 
page 29, line -10 
page 35, RH column, 


>e (-7 iT + 


page 12, line -21 
page 18, lines 3, 5 


imQuestion 5(b) 
imQull, pages 9-10, line 


the thirds terra should 
should read “ This 
deleted... ” 
should read Vg = E (JjL j || 
u and v are better described as functions 
should read x(u,v) = ... (no suffix) 
should read “Hence x(E 2 ) CM...” 

should read ... = cos v... 
replace y u by y„ 
the matrix should 


Hi 

-and d should b< 

=Io±Fi ,d= =£?±gn 

s error recurs in the calculations t 
should read “Since = 0...” 

.. = y E j» | 


the 


This 


The final n 
the referenced page, 
last term should be (/ 2 + g 2 )6 1 1 
should read a(t) = (sin(t/v / 2),cc 

the B term should be vtB. Thi: 


s(t/V5^t/w^) 
error propagates tb 
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2 Part II 


Curves 

Exercise 2.4 

Let a, /?:/->■ E 3 be curves such that a'(t) and p/(t) are parallel (same Euclidean 
coordinates) for each t. Prove that a and p are parallel , in the sense that there 
exists a point p such that /3(t)= 4 p for all t. 


The Frenet Formulas 

Exercise 3.5 

Curves in the plane. For a unit-speed curve; p(s) = fefo) y(s)) in E 2 , the unit 
tangent is T — (3 — (x'(s),y' (s)), but the unit normal N is defined by rotating T 
through +90° so that N = (-y 1 , x').Thus, T' and N are collinear and the curvature 
of P is defined by the Frenet equation V = kN. Prove 
(a) N' = - kT\ (b) if ip is the slope angle of p then « —ip'. 


Arbitrary-speed Curves 

Exercise 4.4 

T = at\ / 

iv = dVfoi'' : ||, 


K =||a"||/c 2 , 
T= c 2 ||a"f 


Exercise 4.5 

Let a be a cylindrical helix with unit vector u, angle d and arc-length function s 
(measured from, say, t = 0). The unique curve 7 such that a(t) = R) + s(t) cos 1? u 
is called the cross-section curve of the cylinder on which a lies. Prove that 

(a) 7 lies in the plane through a(0) orthogonal to u. 

(b) The curvature of 7 is k/ sin 2 d, where k is the curvature of a. 

^>>(Hmt: for (b) it suffices to assume that a has unit speed.) 

Exercise 4.6 

K /3 is a unit-speed curve with k > 0 and r # 0 both constant, prove that p is a 
(circular) helix. 

Let a be the spherical image of a unit-speed curve p. Prove that the curvature and 


' «(f+(r/«) 2 )’ 

where k and r are the curvature and torsion of 8. 

Exercise 4.8 

Prove that a curve is a cylindrical helix if and only if its spherical image is part of 
a circle. (No computations needed.) 




Covariant Derivatives 


If W = 2 viiUi is a vector field on E 3 , 
be VW = £ dWiUi. Thus, VW is the 


the covariant differential of W is defined to 


Y^dWi(v)Ui{p) = VvW. 
Compute the covariant differential of 


and use it to find V v H^, where 

(a) v = (1,0,-3) at p = (-1, 2, -I), 

(b) v=(— 1,2,-1) at p = (1, 3,2) . 


The Structural Equations 

Exercise 8.2 

For the cylindrical frame field 25,, Ei, B 3 : 

(a) Prove that 0i = dr, $ 2 = dd, 63 = dz by evaluating on U lt U 2 and U 3 . 

(b) Deduce that B$ = 1/r, £ 3 [4= 1 and that the other six possibil- 

(c) For a function f(r, d, z) expressed in terms of cylindrical coordinates, show that 

E l[f ]=l «]4jr mbi 


3 Part III 


Derivative Maps of Isometries 

Exercise 2.2 
Given the frame 

ei = (2,2, X)/3, e 2 = (—2, X, 2)/3, e 3 = :1,-2.21/3 
at p = (0,1,0) and the frame 

fi = (1,0, l)/y/ 2 , f 2 = ft 1,0), f 3 = (lft : ^1)/V5 . W 

at q = (3,-1,1), find the isometry F = TC which carries the e frame to the f 


Orientation 

Exercise 3.1 

Find the oreintations of the two frames in Exercise 2.2 above. 




Congruence of curves 

Exercise 5.4 
Show that the curve 

§M = (t + a/3 sin t, 2 cos t, Vst - sin *) 
is a helix by computing its curvature and torsion. Find a helix a of the form 
(a cost, a Sint, bt) 

and an isometry F such that F(a) = (3. 


4 Part IV 


Patch Computations 

Exercise 2.3 

A cone is a ruled surface with parametrization of the form 
^ x(u,v) = p + vS(u). 

-hus, all rulings pass through the vertex p. Show that the regularity of x is 
equivalent to both v and S x S' never zero. (Thus the vertex is never part of the 
cone.) 

Exercise 2.4 

A cylinder is a ruled surface with parametrization of the form 
x(u,v) = 0(u) +vq. 

Thus the rulings are all parallel. Prove that the regularity of x is equivalent to 
0 x q never zero. 

Exercise 2.5 

This is now O’Neill, exercise 5 (a)-(c). 

Exercise 2.6 

In each case, (i) prove that M is a surface and (ii) show that x is a parametrization 
and find its image in M. 

(a) Ellipsoid: 




M:~ + ^ - + 2-=l 1 


x(u, v) = (a cos u cos v, b cos u sin v, c sin u ), 


(b) Elliptic hyperboloid : 


D : -7t/2 < u < 7t/2. 


x(u, v) = (a cosh u cos v, b cosh u sin v, c sinh it), on E 3 . 

(c) Elliptic hyperboloid (two sheets) : 



x(u,v ) = (asinh u cos v,b sinh u sin v,c coshtt)| D :u^0. 


Exercise 2.7 

Elliptic paraboloid, M : z = {x 2 /a 2 ) 4- ( y 2 fb 2 ). 
(a) Show that M is a surface and that 

x(u,v) = (au cos v,businv,u 2 ), u > 0, 



is a parametrization which omits only one point of M. 

(b) Describe the parameter curves of x in general. 

Exercise 2.8 

Hyperbolic paraboloid, M:z = (x 2 /o 2 ) - W&)- 

(a) Show that xE 3 -> E 3 is a proper patch covering all of M, where 

(b) Show that M is a doubly ruled surface by rewriting x in ruled form 
different ways. 

(c) Describe the parameter curves of x in general. 


Differential Forms on a Surface 

Exercise 4.1 

0A^ = O. V ’ 


Topological Properties 

Exercise 6.1 

Please ignore the reference to an exercise of O’Neill. (The reference has mo 
does not contribute to solving the exercise.) 


5 Part V 

Computational Techniques 

The reading section is O’Neill sections 5.4 and 5.5. the exercises ha 
renumbered, so they are shown below in full. 

Exercise 4.1 

For a Monge patch x(u.u) = (u, v, f(u, u)), show that 

E- 1-r/ 3 , 

F = fJ v , rn — f uv /W, 

G = l + fi, n — f vv /W, 

W = (l + fZ + ft^. 

Exercise 4.2 

(Continuation) deduce that the image of x is flat if and only if 
minimal if and only if 

(1 + fbfvv + (1 + / 2 )/ uu - 2= 0. 

Show that the image of the patch 





6 Part VI 


Orthogonal Coordinates 

Exercise 3.2 

(a) The page reference is to page 284. 


^ Assignment Errata 

TMA02 

Question 4: the formula for the curvature should be 


TMA03 

Question 3: Please disregard part (vi) asking about asymmptotic directions. The 
3 marks for this part will be awarded (1 mark each) to parts (iii)-(v) 

TMA04 

.estion 2(b): the third term of third entry should be f vv a% not f v a% as printed. 
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3. Postgraduate Courses in Computing 

Why not continue your OU studies in computing at postgraduate level? The OU provides postgraduate 
level, professional development courses in computing, in its successful Computing for Commerce and 
Industry programme. The programme is recognised as being very effective for staff development - 60% 
of students have all or part of their course fees paid by their employers. 

The courses are also recognised for CPD by the British Computer Society and the IEE 
Course offered include 

• architectures of computing systems 

• user interface design and development 

• object-oriented software development 

• software development for networked applications using Java. 

• relational database systems 

• distributed applications and e-commerce 

Courses have credit ratings of 15 or 30 points, and successful completion of 120 points of study results 
in the award of a Postgraduate Diploma. (You can also select courses from the Manufacturing: 
Management and Technology programme, or from the OU Business School to contribute towards a 
Diploma.) Once you have obtained the Diploma, you are eligible to register for the Project and 
dissertation module, which leads to a Master of Science degree. 

You can obtain further information about the programme, and the related programme of manufacturing 
courses, by contacting the Call Centre, PO box 222, The Open University, Walton Hall, Milton Keynes 
MK7 6YY (Telephone 01908 653231) or viewing the CCI web site at htt p://cci.open.ac.uk 


4. Stanley Collings Memorial Prize 2001 

Stanley Collings took great delight in problems with a novel twist to them. Never mundane, those he 

submit a problem (or a suite of related problems) of your own which, whilst not necessarily wholly 
original in content, should be presented in an interesting setting. The problems will be judged according 
to all of the following criteria: 

the need for the problem to be presented in a pleasing manner; 

• suitability of the problem for its potential solvers; 

• clear explanation of mathematical concepts inherent in the problem and of the thinking processes 


The winning entry will be awarded a prize of £100 an 
Participants should note the following regulations. 


:companied by an Entry Fori 


students, etc). 


7-8, MST121 
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TMA02 Q3 

I am grateful to those who have pointed out an error in TMA02 Q3 and apologise 
for its presence. 

Please note that the definition of should be 

•B/jffl) = (0, -ljg,. 

, '~"*!he question had;|0;^ : 5 0) instead.) 

As was pointed out to me, the resulting frame is left-handed, so cannot be a Frenet 
Bob Margolis 


The Open University 


S647951 
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TMA02 Q4 

I am grateful to those who have pointed out an error in TMA02 Q4 and 
The expression for the curvature should read 
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